Acute and chronic responses to digoxin have been studied in dogs with cardiac failure secondary to constriction of the pulmonary artery. Cardiovascular and renal hemoclynamic function improved and, frequently, a striking increase in sodium (Na) excretion resulted. The data suggest a direct myocardial action of digoxin and provide evidence of impaired myocardial function similar to that observed in patients with congestive heart failure.
I
N the preceding paper 1 the state of the circulation in dogs with right heart failure secondary to controlled progressive constriction of the pulmonary artery was described. The present investigation was made in an attempt to induce a response to digoxin in dogs with pulmonary artery constriction. The observations provide additional evidence of a failing myocardium.
MATERIALS AND METHODS
The material for this study consisted of 7 female mongrel dogs in which the main pulmonary artery had been constricted progressively until cardiac failure developed. The method of producing oairliac failure was described in the preceding report. ' The experimental design for the acute study consisted of observations for a 40 to 60 minute control period and for approximately 2 hours following intravenous administration of 1.0-1.2 mg. of digoxin. Observations were made on trained unanesthetized dogs in the postabt'orptive state without hydiiition or saline load. Patency of an indwelling intmcardiac catheter was maintained with 100 to 150 ml. of normal saline during the 2J>«> to 3 hour period; approximately the same quantity of blood was withdrawn for various analyses while the catheter was in place.
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The effects of chronic digoxin adininLstmtion were studied in dogs 2-4; digitoxin was given to clog 1. Both digoxin and digitoxin were given 2 to 3 times daily; the doses of these drugs were increased progressively until Na excretion increased markedly or until vomiting precluded further increase in rate of administration. After a response was obtained, the drug was discontinued; later, therapy was reinstituted. All other experimental procedures and method* have been described previously. 
RESULTS

Effects of Acide Digoxin Administration in Dogs with Cardiac Failure:
The acute response to 1.0 to 1.2 mg. of intravenous digoxin was observed in 7 dogs at the onset of right heart failure secondary to pulmonary artery constriction. Before receiving digoxin, all animals showed a low cardiac output, elevated right atrial pressure (RAP), high right ventricular systolic pressure, slight depression in arterial pressure, normal or depressed renal hemodynamic function, and a very low rate of Na excretion; also, ascites was present in all dogs. Following digoxin, a decrease in RAP was observed within 15 minutes (figs. 1 to 3). The fall in RAP occurred in every instance; the average decrease for the 7 dogs was from 211 to 162 mm. water. Cardiac output increased 11-70 per cent in 5 of the 7 animals (see figs. 1 to 3); in the other two dogs a slight drop occurred. Since heart rate decreased slightly or remained unaltered, an increase in cardiac A striking increase in renal Xa excretion occurred in 4 of the 7 animals (dogs 2, 5, ( 3 and 7; figs. 2 and 4) and increased water excretion always accompanied increased Xa output. An increase in glomerular filtration rate (GFR) and effective renal plasma flow (RPF) resulted in every dog. In some instances the increase was evident during the first postdigoxin period ( fig. 3 ), while in other dogs renal hemodynamic function remained unchanged until the third period following digoxin ( fig. 2) . The maximal level of GFR and R P F usually occurred during the last post-digoxin period; GFR increased from 50 to 63 cc. per min. whereas R P F increased from 111 to 151 cc. per min. (mean values for 7 dogs). 
Effects of Chronic Digoxin Administration in
Dogs with Cardiac Failure:
The typical chronic response to digoxin is shown for dog 3 ( fig. 5 ). After 10 days of control observations during cardiac failure, 1.0 ing. of digoxin was given intravenously; Na excretion remained low. Thereafter, 0.5-1.0 mg. per da}' of digoxin was administered orally. After 7 days of digoxin therapy, measurements showed a striking increase in right ventricular systolic pressure and cardiac output, an elevation in arterial pressure, and a slight increment in GFR; however, RAP was not reduced and Xa excretion remained low. On the following day (after 8 days of therapy) Na excretion began to increase and a natriuresis ensued. By the twelfth and last day of the first coui-se of digoxin, RAP had declined to 135 mm. water and a further slight elevation in cardiac, out- Fin. 5. Chronic response to digoxin administration in a dog (15.9 kg ) with right-sided congestive failure. See Fig. 2 for abbreviations; renal Xa excretion is expressed in m.Eq./day. 1.0 mg. of intravenous digoxin (shown b} r solid bar) was givon at beginning of each eourso of therapy; thereafter, digoxin was administered orally (dotted area). Scale at left shows mg./ day of digoxin administered. DAVIS, HOWELL AXD HYATT put and GFR was demonstrable. To exclude the possibility that improvement was spontaneous, digoxin was discontinued. Sodium retention promptly ensued, RAP increased and a reduction in right ventricular systolic pressure, caidiac output, arterial pressure and GFR resulted. Reinstitution of digoxin therapy effected improvement in cardiovascular and renal hemodynamic function and Na balance became negative. Similar findings were obtained in the other 2 animals which were given digoxin except that improvement in dog 4 was not sufficient to effect a natriuresis; a response to digitoxin occurred in dog 1.
Drscussiox
The data demonstrate a response to digoxin in dogs with right heart failure secondary to pulmonary artery constriction. Cardiovascular and renal hemodynamic function improved and a striking natriuresis was frequently observed. The increase in right ventricular systolic pressure suggests that digoxin exerted a direct effect on the right ventricular myocardium. The elevation in cardiac output is in contrast with the decreased output of the heart which occurred following administration of digitalis to normal dogs. 4 ' 6 In studies with intravenous digoxin in patients with cor pulmonale, 6 only cases with cardiac decompensation showed a response in cardiovascular hemodynamics. It appears, therefore, that improvement in cardiovascular function with digoxin results only in the presence of myocardial depression. Consequently, the present observations provide evidence of impaired myocardial function in dogs with a congestive syndrome and chronic fluid retention secondary to pulmonary artery constriction.
The acute changes in cardiovascular hemodynamics observed in the present study were very similar qualitatively to those reported during the acute response to intravenous digoxin in patients with congestive heart failure secondary to cor pulmonale.* However, the dose of digoxin per unit body weight required to produce the acute response in dogs was 3 to 5 times that used in man. Also, the daily maintenance dose of digoxin and digitoxin per Kg. of body weight was considerably greater.
The mechanism of the natriuresis which accompanies the administration of digoxin is not understood. Eichna and associates 7 made extensive measurements in patients with cardiac decompensation but these workere were unable to prove a causal relationship between a specific change in cardiovascular or renal hemodynamic function and Xa excretion. During the present observations, the increase in Na excretion occurred in dogs showing the most improvement in cardiovascular function. RAP fell to a lower level and the increase in cardiac output was larger in the animals in which Na excretion increased. The data from the acute study suggest that increased GFR was not of primary importance in the natriuresis because the largest relative increases (dogs 1 and 4) and the highest level of GFR (dog 1) occurred in dogs in which Na excretion remained low.
SUMMARY AND CONCLUSIONS
The acute and chronic effects of digoxin on cardiovascular and renal hemodynamic function and Na excretion have been studied in dogs with right heart failure produced by pulmonary artery constriction. The response included an increase in right ventricular systolic pressure and cardiac output, a fall in RAP and total peripheral resistance, an elevation in GFR and RPF, and a striking increase in Na and water excretion. The data suggest an effect on the right ventricular myocardium and provide evidence of myocardial depression in dogs with pulmonary artery constriction.
